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reacted  with  the  same  antiserum  used  In  the  T.  rhodeslcnsc  tests.  Isolates 
of  T.  rhodeslense  from  Ethiopia  and  Tanzania  were  not  neutralized  by  this 
antlservtm. 

T.  rhodfsiense  has  been  found  to  be  pathocenlc  for  cattle.  Trypanosomes 
Isolated  from  humans  produced  disease  in  cuttle  which  was  characterized 
by  weight  loss,  fever,  pleocytosis  and  CNS  disorders.  Uncoordinated  move- 
ments, circling  and  opisthotonos  were  observed.  Cross  alterations  in  the  brain 
included  thickened  dull  grey  meninges,  while  the  salient  histological 
picture  was  a moderate  to  severe  non-purulcnt  meningoencephalitis. 

Thrombocytopenia  has  been  found  to  be  a prominent  feature  of  T.  congolcnee 
infections  in  cattle.  This  condition  is  dependent  on  high  levels  of  trypano- 
somes in  the  peripheral  blood.  Chronically  infected  animals  with  lower  blood 
levels  of  trypanosomes  develop  a less  severe  thrombocytopenia.  When  tryp- 
anosomes arc  at  very  low  levels  in  these  animals,  thrombocytes  are  at  normal 
of  increased  levels.  Chemotherapeutic  cure  of  animals  with  severe  thrombo- 
cytopenia results  in  a rapid  elevation  of  thrombocyte  levels  to  higher  than 
noi'oial  values.  Leukocyte  levels  follow  a pattern  similar  to  that  described 
for  thrombocytes. 

Early  in  the  course  of  anemia  in  T.  congolcnsc-infccted  cattle  there  is  an 
increase  in  mean  corpuscular  volume  and  mean  corpuscular  hemoglobin  while 
the  mean  corpuscular  hemoglobin  concentration  docs  not  change.  A limited 
reticulocyte  response  was  evident  during  this  period.  Later,  the  erythro- 
cyte indices  returri  to  normal  even  though  the  anemia  persists.  Chrome  51 
labelling  of  bovine  erythrocytes  indicates  an  appreciable  shortening  of  half 
life  in  cells  in  the  infected  animals  with  increased  clearance  of  the  isotope 

in  the  urine.  Plasma  clearance  of  Fe  is  also  more  rapid  in  infected  animals. 
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ANTIGENIC  RELATIONSHIPS  BETWEEN  ORGANISMS  OF  THE  TRYPANOSOMA  BRUCE I 
CROUP  IN  THE  LA.VJJWE  VALUY,  SOUTH  NVANZA,  KENYA 


PROULEM:  To  determine  the  extent  ot  antigenic  variability  in  trypanosomes 
of  the  T,  brucei  group  collected  from  man  and  animals  in  I.ambwc  Valley. 

T.  rhodesient-.e  is  endemic  in  the  Valley  causing  periodic  disease  in 
man.  Domestic  and  game  animals  harbor  the  morphologically  indistinguish- 
able T.  brucei . This  project  is  designed  to  study  reactions  of  various 
trypanosome  isolates  v.'lth  various  antisera  to  determine  the  variability 
of  different  antigenic  types  within  the  the  parasitic  population.  The 
findings  will,  in  part,  determine  v/hether  or  not  immunization  could  be 
u practical  moans  of  controlling  the  disease.  Trypanosomes  collected 
from  adjacent  countries  v.lll  also  be  studied  to  determine  the  geographic 
extent  of  similar  antigenic  typos.  The  antigenic  relationship  between 
the  parasites  of  man  and  animals  in  these  areas  will  also  be  examined. 

BACKGROUND:  Immunization  against  African  trypanosomiasis  appears  to  be 
dependent  in  large  part  on  the  number  of  antigenic  types  of  the  parasite 
found  in  a given  area.  Gray  (1070)  examined  the  same  herd  of  cattle 
for  five  years  in  Nigeria  and  reported  the  presence  of  numerous  different 
types  of  T.  brucei.  He  postulated  that  this  heterogenicty  made  immun- 
ization attempts  impractical.  It  appears  to  us  that  the  techniques 
employed  were  not  specific  enough  to  detect  all  varients  of  a given  Isolate 
thus  giving  an  exaggerated  number  of  basic  antigenic  types.  In  Laubwe 
Valley,  human  rhodcsian  sleeping  sickness  is  endemic  and  domestic  and 
game  animals  harbor  T.  brucei . Since  the  trypanosomes  of  man  and  animals 
arc  morphologically  identical,  their  relationship  to  eachother  remains 
questionable.  In  near  by  Alego  Station,  T.  brucci-like  organisms  were 
isolated  from  cattle  and  transmitted  to  human  volunteers.  These  people 
developed  typical  T.  rhodeslense-like  infectious  (Onyango  1966). 

PROGRESS:  Isolates  of  T^.  rhodesiense  were  collected  from  patients  at 
the  Homa  Bay  Hospital  on  Lake  Victoria,  western  Kenya,  by  mem.bers  of 
the  Kenya  Medical  Department.  Blood  was  injected  I.P.  into  rats  which 
were  then  transported  to  us  for  study.  Two  strains  of  T.  rhodesiense 
from  Gambella,  Ethiopia,  were  collected  by  the  U.S.  Navy  Medical  Research 
Unit  Number  5,  Addis  Ababa,  Ethiopia.  Isolates  of  trypanosomes  were  tested 
by  neutralization  (Soltys  1957)  with  antiserum  collected  from  bovines  which 
had  undergone  long-term  infections  with  various  isolates.  The  first 
series  of  experiments  was  undertaken  with  antiserum  against  the  initial 
strain  of  T.  rhodesiense  (LlTI-l)  collected  in  Lambwe  Valley,  August  1972. 
During  the  past  year  12  new  isolates  from  humans  have  been  collected  and 
tested,  bringing  the  total  to  16  (Table  I).  Three  other  strains  of 
known  T^.  rhodesiense  were  also  tested,  two  from  southern  Ethiopia  and 
a labo"  '■ory  strain  (Wellcome)  which  had  been  Isolated  in  Tanzania  and 
malnt,  ■‘n  rodents  for  many  years. These  findings  are  show'ii  in  Table  II. 


It  Is  noteworthy  that  12  of  the  16  isolates  frou  uan  were  neutralized 
by  the  antiserum  against  LVII-1,  indicating  a persistence  of  these  sinllar 
types  since  1972. 

When  isolates  of  T.  brucoi  from  cattle  were  tested  (Table  III)  the 
antiserum  showed  a strong  effect  on  5 of  19  isolates.  No  parasites 
appeared  in  mice  given  trypanosomes  incubated  with  ^mmune  serum  at  any 
dilution,  ^wo  other  isolates  were  neutralized  at  10  and  below,  however 
mice  at  10  were  positive.  The  nature  of  this  partial  reaction  is  unknown 
but  these  isolates  will  be  retested.  It  is  reasonable  to  assume  that 
these  reacting  parasites  from  cattle  are  rhodoslense  since  the  neutral- 
ization test  is  species  and  even  varlcnt  specific.  The  percentage  of  cattle 
parasites  which  react  with  the  antibody  is  surprising  and  indicates  that 
cattle  may  be  a more  important  reservoir  host  than  believed  to  now.  While 
game  animals  have  borne  the  onus  of  being  the  most  important  reservoirs, 
the  close  proximity  of  man  and  his  domestic  cattle  in  the  Valley  may 
pose  a more  important  aspect  in  the  cycle  of  the  disease. 


TABLE  I 


EFFECTS  OF  ANTISERUM  TO  T.  RHODES lENSE  (LVH-1)  ON  16  ISOl.ATES  OF  T.  RHOOESIENSE 

FROM  MAN 


STRAIN 

DATE 

ISOLATED 

DONOR 

AGE  SEX 

SERUM 

TRpANOSQVnS  PER  MOUSE 
lO"^  10^  10^  10 

LVH  1 

16-8-72 

52 

M 

Immune 

0* 

0 

0 

0 

0 

Normal 

5 

5 

1 

1 

0 

LVH  2 

17-12-72 

37 

F 

Immune 

0 

0 

0 

0 

0 

Normal 

5 

5 

2 

0 

0 

LVH  3 

73 

? 

? 

Immune 

0 

0 

0 

0 

0 

Normal 

5 

5 

5 

3 

0 

LVH  4 

20-5-74 

10 

F 

Immune 

0 

0 

0 

0 

0 

Normal 

5 

5 

5 

5 

5 

LVH  5 

18-7-74 

55 

M 

Immune 

0 

0 

0 

0 

0 

Normal 

5 

5 

5 

5 

b 

LVH  6 

3-8-74 

52 

F 

Immune 

0 

0 

0 

0 

0 

Normal 

4 

5 

2 

2 

0 

LVH  7 

3-8-74 

22 

F 

Immune 

0 

0 

0 

0 

0 

Normal 

5 

5 

4 

3 

3 

LVH  8 

8-8-74 

25 

M 

Immune 

0 

0 

0 

0 

0 

Normal 

5 

5 

5 

5 

5 

LVH  9 

28-8-74 

41 

M 

Immune 

5 

5 

4 

S 

5 

Normal 

5 

5 

4 

5 

5 

LVH  10 

2-10-74 

50 

M 

Immune 

0 

0 

0 

0 

0 

Normal 

3 

4 

4 

4 

0 

LVH  11 

28-10-74 

28 

F 

Immune 

4 

3 

4 

3 

1 

Normal 

5 

5 

4 

3 

4 

LVH  12 

24-12-74 

50 

M 

Immune 

0 

0 

0 

0 

0 

Normal 

5 

4 

5 

4 

4 

LVH  13 

22-1-75 

30 

F 

Immune 

0 

0 

0 

0 

0 

Normal 

5 

5 

4 

5 

2 

LVH  14 

23-4-75 

42 

M 

Immune 

5 

4 

3 

0 

0 

Normal 

4 

4 

5 

3 

1 

LVH  15 

26-6-75 

60 

M 

Immune 

0 

0 

0 

0 

0 

Normal 

5 

5 

2 

1 

1 

LVH  16 

1-7-75 

42 

M 

Immune 

5 

♦ ♦ 

** 

** 

** 

Normal 

5 

** 

*♦ 

** 

♦ Number  of  mice  (out  of  5)  developing  patent  Infection 
**  Not  tested 
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TABLE  II 


EFFECTS  OF  ANTISERUM  ON  T.  RHODES I ENSE  PARASITES  ISOLATED  IN  DIFFERENT 

GEOGRAPHICAL  AREAS 


NO. 

TRyPAN0S0^R;S 

PER 

MOUSE 

DATE 

DONOR 

4 

3 

.^2 

STRAIN 

ISOLATED 

ACE 

SEX 

SERUM 

10 

10 

10 

10 

10 

ETH-1 

30-10-73 

30 

F 

Immune 

5* 

5 

5 

1 

0 

Normal 

4 

S 

5 

5 

3 

ETH-2 

26-11-74 

? 

M 

Immune 

5 

5 

4 

5 

4 

Normal 

5 

5 

5 

& 

5 

WELLCOME  over  20 

? 

? 

Immune 

5 

4 

4 

2 

0 

years  ago 

Normal 

5 

5 

4 

5 

1 

♦ Number  of  mice  (out  of  5)  developing  patent  Infections  (. 


TABLE  III 


EFFECTS  OF  ANTISERUM  ON  T.  BRUCE  I -CROUP  PARASITES  ISOLATED  FROM  CATTLE 

IN  LAMBWE  VALLEY 


NO.  OF 

TRYPANOSOMES 

PER  MOUSE 

4 

3 

2 

...0 

ISOLATE 

SERUM 

10 

10 

10 

10 

10 

LVB  15A 

Immune 

0* 

0 

0 

0 

0 

Normal 

5 

5 

5 

5 

5 

LVB  16A 

Immune 

0 

0 

0 

0 

0 

Normal 

5 

5 

2 

1 

0 

LVB  18A 

Immune 

5 

1 

1 

0 

0 

Normal 

4 

3 

5 

0 

1 

LVB  3B 

Immune 

3 

3 

2 

0 

0 

Normal 

4 

2 

3 

2 

0 

LVB  24B 

Immune 

S 

5 

5 

3 

0 

Normal 

5 

5 

5 

5 

5 

LVB  2B 

Immune 

5 

0 

0 

0 

0 

Normal 

5 

5 

4 

S 

3 

LVB  4B 

Immune 

5 

5 

5 

3 

3 

Normal 

5 

5 

5 

5 

S 

LVB  lOB 

Immune 

5 

5 

4 

1 

0 

Normal 

5 

5 

5 

S 

3 

LVB  36B 

Immune 

5 

S 

5 

0 

2 

Normal 

5 

5 

S 

2 

5 

LVB  16B 

Immune 

0 

0 

0 

0 

0 

Normal 

5 

5 

5 

4 

0 

LVB  12C 

Immune 

0 

0 

0 

0 

0 

Normal 

5 

5 

4 

5 

5 

LVB  3BC 

Immune 

4 

3 

0 

0 

0 

Normal 

5 

4 

1 

1 

0 

LVB  42C 

Immune 

5 

0 

0 

0 

0 

Normal 

5 

5 

4 

4 

♦♦ 

LVB  43C 

Immune 

5 

4 

4 

5 

5 

Normal 

5 

5 

4 

5 

4 

LVB  CSC 

Immune 

0 

** 

♦ ♦ 

** 

** 

Normal 

5 

** 

*4 

4* 

** 

LVB  66C 

Immune 

3 

** 

** 

** 

** 

Normal 

5 

** 

** 

4* 

** 

LVB  72C 

Immune 

5 

2 

0 

0 

0 

Normal 

5 

5 

2 

3 

0 

LVB  77C 

Immune 

5 

5 

3 

1 

0 

Normal 

5 

5 

S 

S 

4 

LVB  78C 

Immune 

4 

4 

2 

1 

0 

Normal 

4 

5 

5 

5 

1 

OBSERVATIONS  ON  T.  RHOUESIENSE  IN  CATfLE 


1 


During  our  early  studies  of  the  imeiunogenecity  of  irradiated 
trypanosomes  in  cattle,  we  noted  that  control  animals  challenged 
with  viable  Tryp.*inosoma  rhodesiense  (Wellcome  strain)  underwent  a 
mildly  pathogenic  course  of  infection  «hich  resulted  in  self  cure. 

Fever  and  leukopenia  were  noted  early  in  the  course  of  infection 
but  after  a brief  period  the  animals  appeared  to  suffer  no  untoward 
reaction  to  the  infection.  However,  in  a later  experiment  one  animal 
(268)  which  was  infected  with  this  strain  suffered  a seveie  form  of 
disease  characterized  by  a lack  of  growth  and  terminally  by  a rapid 
weight  loss  and  a seveife cpivodo  typical  of  central  nervous  system 
disorder.  Since  these  symptoms  occurred  in  only  one  of  approx- 
imately 10  animals  infected  with  this  strain,  we  were  not  convinced 
that  these  symptoms  were  entirely  due  to  the  trypanosome  infection 
although  we  had  not  observed  this  behavior  in  any  other  animal  on 
our  farm. 

Subsequently  4 of  5 animals  which  were  infected  with  recently 
isolated  strains  of  T.  rhodesiense  from  Lambwe  Valley  experienced 
a disease  pattern  similar  to  that  described  above.  To  date,  two 
(243  and  6882)  of  the  four  diseased  animals  have  been  killed  and 
autopsied  while  the  remeinlng  two  are  still  under  observation.  Cere- 
brospinal fluid  obtained  from  three  of^these  animals  showed  a pleocyto- 
sis ranging  from  330  to  512  V.T3C  per  mm  . Trypanosomes  have  also  been 
isolated  from  the  CSF  by  subinoculation  IP  in  mice.  Bacterial  cul- 
tures of  the  CSF  were  negative. 

The  extent  of  the  nervous  signs  seen  terminally  varied  between 
animals.  Animal  GS82  exhibited  only  uncoordinated  leg  movements. 

Animal  268  had  uncoordinated  leg  movements,  circling  to  the  right 
and  opisthotonos.  Animal  243  had  uncoordinated  leg  movements  and  a 
continuous  unilateral  periorbital  and  muzzle  tremor. 

Gross  alterations  in  the  brain  included  thickened  dull 
gray  meninges  in  all  animals.  In  addition,  the  brain  of  243  had 
exaggerated  sulci,  submeningoal  scars  and  small  cystic  cavitations 
near  the  external  capsule.  The  salient  histological  feature  was  a 
moderate  to  severe  meningoencephalitis.  It  was  least  severe  in 
animal  6882  where  the  perivascular  and  meningeal  infiltrates  were 
usually  1 to  2 cells  thick  and  were  comprised  mainly  of  lymphocytes 
admixed  with  a few  plasma  cells.  Focal  areas  of  gliosis  were  randomly 
distributed  in  the  brain. 
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A severs  generalized  meningoencephalitis  was  found  in  the  brain 
of  animals  268  and  243.  In  animal  2C8  wide  cuffs  of  an  infiltratc- 
proliferatc  of  lymphocytes  and  plasma  cells  were  randomly  dissim- 
inated  in  the  brain.  Meningeal  involvement  with  the  sane  inflammatory 
cells  was  moderately  extensive.  Diffuse  and  focal  areas  of  gliosis 
were  most  prominent  in  the  gray  matter.  Lesions  in  animal  243  were 
more  extensive  with  the  perivascular  and  menglneal  infiltrate-pro- 
llferate  prlnnrily  plasmocytic.  Large  numbers  of  Mott's  cells  or 
mature  plasma  cells  were  a prominent  component  of  the  inflammatory 
reaction  and  were  found  in  all  levels  of  the  brain,  brain  stem  and 
spinal  cord  sections  that  were  examined.  In  addition,  periarterial 
edema,  cystic  cavitations  and  extensive  glial  scars  were  found. 

The  V/ellcome  strain  of  T.  rhodcslense  has  been  maintained  in  the 
laboratory  by  syringe  passage  in  rodents  for  many  years.  It  would  be 
reasonable  to  assume  that  its  pathogenicity  for  cattle  would  be 
reduced  as  a result  of  its  laboratory  history.  However,  the  T.  rliodes- 
iense  of  Lambwe  Valley  origin  has  been  shown  to  be  a parasite  of 
cattle  in  the  Valley  and  would  presumably,  as  we  have  found,  be 
more  pathogenic  for  these  animals. 

The  lesions  described  are  commonly  found  in  chronic  trypanosomiasis 
in  man  but  have  not  been  described  in  the  CNS  of  bovincs.  Additional 
study  of  the  bovine  model  may  elucidate  mechanisms  important  to 
definition  of  the  disease  in  man. 


PATHOPHYSIOLOGY  OF  TRYPANOSOVA  KHODESIENSE  IN  BOVINES 


PROBLEM:  To  attempt  documentation  of  tho  pathophysiological  process 
occurring  in  a systematic  study  of  bovincs  inoculated  with  T.  rhodesiense 
recently  isolated  from  a human. 

BACKGROUND:  In  this  laboratory  bovlnes  were  inoculated  with  certain 
strains  of  T,  rhodesiense  isolated  from  humans  as  controls  for  other 
studies  or  in  attempts  to  obtain  large  amounts  of  convalescent  serum. 

This  immune  serum  was  used  in  the  definition  of  antigenic  relation- 
ships between  morphologically  identical  T.  rhodesiense  collected  from 
humans  and  T.  brucel  isolated  from  animals  in  the  Lambwe  Valley 
(details  elsewhere  in  this  report).  Some  of  the  experimentally  infec- 
ted bovines  shov/ed  an  unexpectedly  severe  chronic  disease  process  late 
in  the  course  of  infection.  Three  of  the  animals  were  killed  1^  extremis . 
The  common  and  salient  histological  finding  was  a moderate  to  severe 
non-purulcnt  menit.goencephalomyelitis.  In  two  additional  experimentally 
infected  bovines  that  remain  alive,  examination  of  cerebral  spinal 
fluid  revealed  a marked  pleocytosis,  254  and  512  WBC/mm  respectively. 

Of  19  brucel  isolates  from  the  Lambwe  Valley,  5 (26%)  were  neutral- 
ized by  the  antibody  obtained  from  a T|.  rhodesiense  (LVH-1)  experiment- 
ally infected  bovine.  This  indicates  that  an  agent  the  same,  or  very 
similar  antigenically  to  T.  rhodesiense,  is  present  in  the  cattle  in 
Lambwe  Valley.  The  bovine  is  therefore  likely  to  be  highly  important 
in  the  epidemiology  of  the  natural  disease  occurring  in  humans,  n 
may  also  be  pji  important  pathogen  for  cattle  in  that  area. 

There  is  considerable  controversy  in  the  literature  on  the  signif- 
icance of  T.  rhodesiense  infection  in  bovincs.  Some  (Klclne  and  Kunert; 
Wilde  and  French)  report  patent  infections  that  induce  a mild  clinical 
disease  which  eventually  self-cure.  Others  (Carmichael;  Bruce  et  al.; 
Duke)  report  more  virulent  infections  in  experim.entally  infected  cattle. 
In  either  case,  pathophysiologic  aspects  of  infection  have  not  been 
described. 

To  systematically  study  these  aspects,  10  bovines  5-8  months  of 
age  comprised  of  5 Herefords  and  5 Aryshlres,  weighing  220-400  pounds 
were  selected  from  the  Veterinary  Department  herd  a|  Kabete,  Kenya. 

They  were  inoculated  with  the  LVH-12  strain,  1 x 10  parasites  per  200 
pounds.  Four  young  bovines,  2 Herefords  and  2 Aryshlres,  of  similar 
size  and  age  were  maintained  as  controls.  This  report  describes  the 
first  23  weeks  of  a study  designed  to  define  the  clinical,  hematological, 
serum  chemical,  serological  and  hlstopathologlcal  alterations. 


RESULTS:  In  one  of  the  ten  Infected  animals  a single  parasite  was 
found  In  a thick  blood  film  on  day  3 post-exposure  (PE).  The  rcsialnlng 
9 Infected  animals  were  positive  on  thick  films  examined  on  day  4 PE. 
Peak  fevers  occurred  on  day  5 PE  In  two  animals,  day  6 PE  in  five 
animals  and  day  7 PE  In  three  anln^als.  Peak  parasitemias  calculated 
from  t^e  number  of  parasites  per  100  WBC  varied  between^2 1,700  and 
434/mm'^.  The  mean  of  the  peak  parasitemias  was  0,756/mffl  . 

The  dally  temperature  variations  for  Infected  animals  during  the 
first  2 weeks  PE,  and  the  weekly  average  temperatures  for  Infected  and 
controls  thereafter  are  shown  In  Fig  1.  Other  clinical  observations 
Include  a mild  depression  that  occurred  during  the  period  of  peak 
parasitemia  and  fever.  Lymphadenopathy  (3  to  4 times  normal)  was 
noted  30  days  PE  and  persisted  during  the  remainder  of  the  23  weeks 
of  Infection.  The  summary  of  weekly  weights  of  Infected  and  control 
animals  is  shown  In  Fig  2. 

Hematological  findings  Include  transient  Icucopenla  at  the  time 
of  peak  parasitemia  followed  by  leukocytosis  (Fig  3).  Differential 
WBC  counts  done  on  Jugular  blood  indicate  a transient  absolute  neutro- 
penia and  lymphopenia  on  day  8 PE.  The  average  high  WBC  occurred  during 
the  4th,  5th  and  6th  week  PE.  During  this  period  an  absolute  lympho- 
cytosis and  mild  absolute  neutrophilia  were  observed.  The  packed  cell 
volume  (PCV)  results  are  summarized  In  Fig  4.  A mild  depression  in 
RBC  values  accompanied  the  depressed  PCVs.  Mean  corpuscular  hemo- 
globin concentrations,  mean  corpuscular  volume  and  mean  corpuscular 
hemoglobin  indices  have  remained  within  normal  limits  to  date.  A mild 
transient  depression  in  platalet  counts  was  noted  on  the  &th  and  12th 
day  post  exposure  in  Infected  animals. 

During  the  first  seven  weeks  PE  Giemsa-stained  thick  films  prepared 
from  tail  blood  were  positive  in  70  to  lOO^j  of  the  infected  animals 
when  200  oil  Immersion  fields  were  examined.  Subsequently,  a progressive 
diminution  of  trypanosome  positive  smears  occurred  with  no  positives 
detected  after  day  135  PE. 

Subinoculation  of  blood  into  rats  was  initiated  during  the  fourth 
month  of  infection.  The  sub-inoculation  of  lymph  node  aspirate  was 
initiated  during  the  fifth  month  of  infection.  The  results  are  sumarized 
In  Table  I.  These  initial  data  indicate  that  the  subinoculation  of 
a small  amount  of  lymph  node  aspirate  (usually  less  than  O.lcc  expanded 
to  0.5cc  in  10%  fetal  calf  serum)  injected  IP  into  rats  appears  to  be 
an  effective  method  of  isolating  the  parasite  late  in  the  course  of 
infection. 

Serum  preserved  at  -20°  C for  serological,  serum  chemical  and 
immunoglobulin  analysis  has  not  yet  been  examined. 
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TABLE  I 


THE  RELATIVE  EFFECTIVENESS  OF  DIRECT  SMEAR  EXAMINATION  COMPARED  TO  IP 
INOCULATIONS,  USING  BLOOD  AND  LYMPH  NODE  ASPIRATES  FOR  THE  KTECTION 
OF  CATTLE  HARBORING  T.  RHODES I ENSE- 


Blood  (Sml)  IP  to  rats 
Blood,  thick  smears 
Lymph  node  aspirate  IP  to  rats 
Lymph  node  smears 


Duration  of  Infection  in  Cattle 


4 

months 

5 months 

Infected 

Control 

Infected 

Control 

8/10* 

0/4 

2/10 

0/4 

0/10 

0/4 

0/10 

0/4 

** 

** 

10/10 

** 

5/10 

0/4 

5/10 

0/4 

* 8 of  10  rats  showed  patent  infection  by  day  30 

Not  done 


PATHOLOGY  OF  TRYPANOSOMA  CONGOLENSE  IN  BOVINES 


ANEMIA 


PROBLEM;  To  define  the  etiology  of  the  anemia  which  develops  in  cattle 
infected  with  Trypanosoma  congolense. 


BACKGROUND:  Anemia  of  undetermined  nature  is  a characteristic  of 
most  infections  caused  by  pathogenic  trypanosomes.  Previous  work  by 
Wellde,  et  al.  (1974)  indicated  that  T.  congolensc  produces  a rapid  and 
sever  anemia  in  Hereford  cattle,  these  animals  therefore  being  good 
study  models. Baseline  factors  including  erythrocyte  indices,  thrombo- 
cyte, reticulocyte  and  leukocyte  levels  have  been  determined.  Bone 
rarrow  biopsies  of  infected  and  control  animals  have  also  been  done  in 
an  effort  to  Judge  erythroio  potential.  Radioisotopic  labels  have 
recently  been  employed  to  determine  erythrocyte  survival  and  sites  of 
sequestration.  Iron  kinetics  are  also  being  studied  to  determine 
plasma  iron  clearance  rates  and  utilization  in  the  production  of  new 
erythrocytes. 

RESULTS:  As  indicated  in  Fig  1,  an  increase  in  both  mean  corpuscular 
volume  and  mean  corpuscular  hemoglobin  occurred  in  the  five  infected 
animals.  Mean  corpuscular  hemoglobin  concentration  did  not  differ  from 
control  values.  A limited  reticulocyte  response  was  evident  beginning  about 
the  30th  day  after  infection,  and  persisted  through  the  100th  day. 

However,  only  one  animal  had  a reticulocytosis  greater  then  1%. 

After  this  period  of  limited  erythroid  response  the  mean  corpuscular 
volume  and  the  mean  corpuscular  hemoglobin  levels  appeared  to  return 
to  lower  values  although  the  hematocrit  remained  around  20%.  A striking 
thrombocytopenia  occurred  with  the  onset  of  parasitemia.  Levels  of 
thrombocytes  reduced  to  as  low  as  30,000/mm  from  the  normal  mean 

of  492,000/mm  . \"e  have  found  the  thrombocytopenia  to  be  dependent  on 
the  numbers  of  trypanosomes  in  the  peripheral  blood  (Fig  2) . 

Leukocyte  levels  are  generally  depressed  throughout  the  infection  and 
they  appear  to  be  also  dependent  on  the  trypanosome  levels  (Fig  2) . When 
infected  animals  were  treated  with  Berenil  thrombocyte  levels  rapidly 
became  elevated  over  preinfection  values.  Leukocyte  levels  also  returned 
to  normal  (or  somewhat  higher  then  normal  levels)  shortly  after  therapy. 
These  results  strongly  suggest  that  when  trypanosomes  are  present  in 
the  blood,  there  is  an  increased  consumption  of  thrombocytes.  This 
phenomenon  is  consistent  with  diffuse  intravascular  coagulation  although 
grossly  Infected  animals  show  minimal  signs  of  hemmorrhage.  Hlstopath- 
ologlcal  examination  of  tissues  indicates  that  some  vessels  appear  to 
contain  leukocytes,  trypanosomes  and  other  material  in  plug-like 
formations.  Erythrocytes,  however,  do  not  appear  to  be  a prominent 


coMponent  of  these  formations  (Kdiner  1974,  Xovatch  unpubl).  Thrombocyto- 
penia has  been  described  in  man  and  animals  infected  with  T.  rhodcs- 
iense  and  in  these  infections  the  detection  of  fibrin  split  products 
as  well  as  decreased  levels  of  fibrinogen  tend  to  indicate  a coagu- 
lopathy. It  has  also  been  shown  that  trypanosomes  in  the  presence  of 
specific  antibody  and  complement  attract  platelets  which  adhere  to  them. 
Whether  or  not  this  process  of  immune  adherence  can  occur  vivo 
as  well  as  ^ vitro  has  not  been  established  but  could  well  be  involved 
in  the  Initial  clumping  of  thrombocytes  and  their  subsequent  removal 
by  the  reticuloendothelial  system.  After  currative  therapy  packed  cell 
volumes  do  not  return  to  normal  at  a rapid  rate  (Fig  3) . The  erythroid 
response  after  therapy  is  also  not  characterized  by  a strong  reticu- 
locyte response  although  the  packed  cell  volumes  gradually  return  to 
normal. levels. 

Bone  marrow  biopsies  taken  early  in  the  course  of  infection  showed 
a normal  or  somewhat  hyperactive  appearance.  Normoblasts  were  plentiful 
as  were  cells  of  the  leucocytic  series.  These  observatiens  confirm  our 
previous  findings  in  bone  marrow  obtained  early  during  the  course  of 
infection. 

In  order  to  study  erythrocyte  survival  in  infected  animals,  four 
male  Hereford-Boran  calves  weighing  approximately  175  pounds  each^ 
were  used  in  an  experiment.  Two  animals  were  infected  with  1 x 10  T. 
congolense  (Trans  Mara)  w'hile  the  other  two  served  as  controls.  Prior  to 
Infection,  all  animals  had  received  transfusions  of  homologous  Cr^^- 
labeUed  erythrocytes.  The  calves  were  housed  in  metabolism  cages 
and  blood,  urine  and  fecal  samples  were  collected  daily,  measured  and 
aloquoted  for  radioactivity  determinations.  The  animals  were  also  fol- 
lowed by  routine  hematology,  levels  of  parasitemia  and  temperature. 

Since  these  experiments  have  only  been  recently  initiated,  only  pre- 
liminary data  are  available.  These  do  indicate  a trend  toward  increased 
plasma  volumes,  decreased  erythrocyte  survival  times  and  Increased  splenic 
sequestration  of  lablcd  erythrocytes  in  the  infected  calves.  Fig  4 
indicates  the  disappearance  of  whole 'blood,  in  one  control  and  one 
Infected  animal.  The  onset  of  patent  parasitemia  corresponds  with  a change 
in  the  slope  of  the  line  indicating  blood  radioactivity  in  the  infected 
calf  (control:  14.5  day  half  life;  Infected:  7 day  half  life).  Fig  5 
shows  the  erythrocyte  disappearance  curves  for  the  same  animals. The  change 
in  the  slope  of  the  line  denoting  disappearance  in  the  Infected  animal 
is  not  evident  until  about  14  days  after  that  of  whole  blood.  This 
indicates  that  a dilution  of  RBCs  occurred  early  in  the  infection  as  a 
result  of  an  expanded  plasma  volume.  Leter,  however  (day  26)  the  control 
and  Infected  lines  cross  indicating  an  actual  decrease  in  the  number 
of  circulating  erythrocytes  in  the  infected  animal. 


i 
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Surface  counting  over  selected  body  sites  indicated  that  the  spleen 
of  Infected  animals  was  sequestering  labelled  erythrocytes  to  a greater 
degree  than  the  spleens  of  control  animals  (Table  I).  All  animals  were 
bled  on  day  33  and  their  erythrocytes  again  labelled  with  Cr^^  and 
retransfused.  Results  from  this  second  transfusion  have  not  yet  been 
calculated. 
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In  order  to  determine  the  plasma  clearance  rate  and  subsequent  in- 
corporation of  Fe  into  erythrocytes  4 Infected  cattle  and  2 controls 
were  Injected  with  Fe  . Plasma  half  time  clearance  rates  for  one  exper- 
imental and  one  control  are  shown  in  Fig  6.  The  clearance  rate  was 
increased  in  the  infected  animal  over  that  of  the  control. 


These  studies  have  been  restricted  because  of  limited  available  space 
for  radioactivity  experiments.  We  are  now  in  the  process  of  renovating  a 
two  room  structure  which  will  greatly  add  to  our  existing  facilities. 
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ERYTHROCYTE  INDICES  IN  T.  CONGOI. 


OHon  % 


DAYS  POST  IJIJECTION 


DAYS  POST  INJECTION 


^MINUTES  AFTER  INJECTION 


TABLE  I 


RESULTS  OF  THE  IN  VIVO  COUNTING  (COUNTS  PER  MINUTE)  OVER  SELECTED  BODY 

SITES  (DAY  32) 


Animal 

Group 

Sternum 

Heart 

Liver 

Spleen 

Spleen/ 

Liver 

5F 

Control 

3018 

3498 

1551 

1515 

0.98 

6F 

Control 

3696 

3013 

3140 

3067 

0.98 

7F 

Infected 

2248 

3618 

1666 

4121 

2.47 

8F 

Infected 

2074 

2517 

1675 

4607 

2.75 

THE  FEASIBILITY  OF  ARTIFICIAL  IMMUNIZATION  BY  THE  USE  OF  IRRADIATED 

TRYPANOSOMES 


Our  Initial  results  with  T.  rhodcslense  showed  that  bovlnes  could 
be  Immunized  with  irradiated  trypanosomes  (^Ycllde,  et  al  1973).  If  the 
immunizing  Inocula  contained  sufficient  Irradiated  trypanosomes,  the 
recipients  became  refractive  to  challenge  with  non-irradlatcd  parasites 
of  the  same  strain.  Similar  experiments  with  T.  congolcnse  (Wellde,  et 
al  1974)  did  not  yield  as  great  an  Immunity  as  that  produced  by  T. 
rhodesiense  but  prepater.t  periods  of  immunized  animals  were  extended 
and  antibodies  developed  after  immunization  (Lotzsch  and  Diendl  1974). 
Mice  immunized  with  irradiated  T.  congolensc  were  highly  immune  to  a 
viable  challenge  of  organisms  (Duxbury  et  al  1973) . Recently  we  have 
found  that  Immunization  with  irradiated  trypanosomes  is  specific  f)r  the 
antigenic  type  of  the  immunogen  (Wellde  et  al  1975) . 

The  antigenic  typing  of  trypanosomes  transmitted  by  tsetse  flies 
has  been  little  studied.  Gray  (1970)  reported  that  antigenic  variants 
of  a given  isolate  return  to  a basic  antigenic  composition  in  the  tsetse 
fly. Workers  in  Nigeria  (personal  communication)  believe  that  the  tsetse 
transmit  the  antigenic  type  v/hich  is  Ingested. 

To  study  this  problem  (which  seems  to  be  of  great  importance  in 
terms  of  practical  immunization)  we  have  proposed  the  establishment  of 
a small  colony  of  tsetse  flies  here  in  Kabete.  Initially  this  was  to 
have  been  undertaken  during  the  early  part  of  1975  but  budget  limitations 
Imposed  by  DA  and  USAMRDC  have  postponed  the  initiation.  We  are  hopeful 
that  some  progress  can  be  made  during  1976. 


Our  experiments  involving  irradiated  trypanosomes  have  also  been 
hampered  by  the  breakdown  of  the  only  Cobalt-60  source  available  to  us. 
The  maintenance  is  the  responsibility  of  the  Atomic  Energy  Commission 
and  although  they  have  been  notified  that  it  is  out  of  order,  repairs 
have  not  been  made.  The  new  International  Laboratory  for  Research  on 
Animal  Diseases  (ILRAD)  will  have  a Cobalt  source  installed  soon. 


Other  work  Involving  immunity  has  yielded  the  following.  Serum  from 
cattle  chronically  Infected  with  T.  congolense  confired  protection  to 
mice  infected  with  the  homologouSgparasite . In  a preliminary  experiment 
30  mice  were  injected  with  2 x 10“  T.  congolense  IP.  Subsequently  10  of 
these  mice  (experimental  group)  received  1 ml  of  serum  from  a chronically 
Infected  animal.  As  controls  10  were  injected  with  normal  serum  and  10 
were  not  treated.  Fifty  percent  of  the  mice  receiving  serum  from  the 
infected  animal  did  not  become  patent  and  survived  for  at  least  25 
weeks  after  challenge  whereas  100%  of  the  control  animals  became 


patent  and  10%  survived.  An  extention  of  the  prepatent  period  was  also 
observed  in  the  experimental  group.  In  a second  experiment,  globulins 
of  both  the  immune  and  normal  serum  were  collected  by  salt  precipitation 
at  50%  saturation,  dialized,  and  reconstituted  to  1/3  the  original 
serum  volume.  These  globulins  were  then  tested  in  mice  using  the  above 
procedure.  Only  10%  of  the  mice  treated  with  immune  globulins  developed 
patent  infection  whereas  all  the  controls  became  positive.  Nine  weeks 
after  challenge  90%  of  the  experimental  group  and  40%  of  the  control 
group  survived.  Column  fractionation  of  immune  globulins  on  the  Sephadex 
G-200  and  subsequent  testing  in  mice  indicated  that  the  protection 
activity  is  associated  with  the  7S  gamma  globulins. 

Infection  and  chemotherapeutic  cure  as  a method  of  immunization. 

Cattle  which  had  been  infected  with  T .congolcnse  (Trans  Mara)  and 
cured  with  Berenil  were  rechallenged  at  various  tiroes  after  treatment 
with  the  homologous  strain  of  parasite.  Four  animals  undergoing  infection 
of  from  36  to  77  days  did  not  show  appreciable  resistance  when  re- 
challenged  with  the  stock  strain.  Prepatent  periods  for  previously 
Infected  animals  ranged  from  6 to  8 days  whereas  five  control  steers  were 
patent  on  the  5th  day.  Parasitemia  levels  appeared  to  be  lower  as 
the  infection  progressed  although  packed  cell  volumes  in  both  groups 
were  similar.  One  animal  which  had  undergone  two  long  periods  of  infection 
(total  10  months)  remained  refractive  when  challenged  for  the  third 
time.  These  results  indicate  that  infection  and  cure  can  be  a method  of 
immunizing  cattle  against  congolense.  It  appears,  however,  that 
long  term  infections  are  needed  in  order  to  stimulate  a significant 
degree  of  immunity. 
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